It appears that a de novo synthesis of the deoxyribonucleic acid-dependent ribonucleic acid-polymerase in Bacillus cereus T takes place fairly late in outgrowth, at the onset of the vegetative cycle. Therefore, the ribonucleic acid-polymerase used by germinating spores is the one carried on from sporulating cells. However, the sporal enzyme is less soluble than the vegetative one, and its "core" is bound to two extra peptides. This complexing to other molecules could play a role in the regulation of gene expression during germination.
Gene expression in germinating spores is sequentially controlled (14, 16, 25, 28, 29) . Experiments of competition hybridization of Bacillus cereus deoxyribonucleic acid (DNA) with ribonucleic acid (RNA) extracted at different times of germination and outgrowth (19) suggest that the control of this sequentiality is exerted at the transcriptional level. Thus, the best candidate for exerting this control is RNA-P (nucleoside triphosphate: RNA nucleotidyl transferase; EC 2.7.7.6), and since there is no functional messenger RNA in dormant spores (1, 12, 13, 16, 24) , the initial protein synthesis at germination must depend on RNA-P trapped in spores at the moment of sporulation. Is this sporal RNA-P different in any way from that in vegetative cells? Apparently not, as far as the core (,B' and a2 chains) is concerned. No difference has been observed in the sporal and the vegetative cell core enzyme of the same organism. However, some differences have been reported for the factors needed for the functioning of the enzyme: loss of a factor (3, 18, 27) and presence of several proteins, presumably bound to RNA-P core from sporulating cells (10, 11, 21, 23) . The presence of proteolytic enzymes in the spore preparation complicates the matter. Proteolysis can alter in vitro the RNA-P by attacking preferentially one of the components of the enzyme (10, 15, 18, 20, 22) . In B. cereus T used in the present studies, we found a proteolytic enzyme bound to the spores (and eliminated by high salt washing) which may be responsible for the hydrolysis of the ,B' chain of RNA-P from dormant spores in vitro (2, 26) .
Here we compared some properties of the RNA-Ps of dormant spores and of vegetative cells which may be responsible for their different behaviors in transcribing the genome.
MATERIALS AND METHODS
Bacterial strains and cultures. B. cereus T from our collection was used. Spores were prepared at the Enzyme Center (Tufts University Medical School) by growing the culture in sporulation medium G (100 liters) (8) 
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Crude extracts. Dormant spores and vegetative cells, suspended in buffer A (20 ml) with 0.03% phenylmethylsulfonyl fluoride, were extracted by grinding at 2 C with glass beads (30 g ) in a Braun cell disintegrator for 45 s (three times). Glass beads, cell debris, and ribosome fractions were removed at lowspeed centrifugation followed by a centrifugation at 80,000 x g for 90 min. The supernatant was then precipitated with saturated ammonium sulfate in buffer A to a final concentration of 60%. The precipitate was redissolved in a minimal amount of storing buffer.
RNA-P purification. The crude extracts were purified according to Cohen et al. (5, 6) . The enzyme preparations used to prepare the rabbit anti-serum against RNA-P were further purified by a second chromatographic step on diethylaminoethyl-cellulose column eluted by a continuous gradient of 0.10 to 0.35 M KCl.
SDS polyacrylamide gel electrophoresis. Two systems of sodium dodecyl sulfate (SDS) gel electrophoresis were used. (i) The method of Weber and Osborn (30) was used to analyze the immunoprecipitates; and (ii) the method of Laemmli (17) was used to separate the ,B from the fi' band of RNA-P.
Spore germination and outgrowth. Germination was obtained by suspending activated spores (heat treated in water for 90 min at 65 C) in medium GL at 34 C. Outgrowth started when the germinated spores were transferred in medium B (9, 29) .
Labeling of cells and spores. Vegetative cells were labeled during the exponential phase of growth in B medium 10 times diluted with 3 ACi/ml of "C-labeled amino acid mixture (New England Nuclear Corp.).
"C-labeled dormant spores were prepared by growing the cells in G medium overnight. During the sporulation process (2 and 4 h after the end of exponential growth), "C-labeled amino acids (3 MCi/ ml) were added. Germinating and outgrowing spores were pulse labeled for 5 min at various times in medium GL or in medium B. The labeled spores were collected by centrifugation, washed with water, resuspended in buffer A, and extracted.
Immunological tests. We determined the quantitative curve of the precipitin reaction between cellular RNA-P and rabbit anticellular RNA-P: at the "equivalent zone," 0.1 ml of serum precipitates ca. 100 ug of enzyme. To 0.1 ml of serum prepared against purified cellular RNA-P was added an appropriate amount of crude extract in the presence of phenylmethylsulfonyl fluoride 0.03% and left standing for 48 h at 2 C. The precipitate was centrifuged, washed three times with 0.85% NaCl in 0.01 M phosphate buffer at pH 7.6, and dissolved in 0.1 ml of SDS 0.3%, which separates each component of RNA-P. Their analysis by SDS gel electrophoresis was performed by the method of Weber and Osborn (30) . Gels were sliced longitudinally, dried (7), and exposed to Kodak no-screen X-ray film. The exposure times, multiplied by the radioactivity (counts/min) applied on the gels, were approximately the same for all samples. Autoradiograms were scanned in a Gilford spectrophotometer. (28, 29) . Protein synthesis starts 4 min after addition of the germinating factors (28, 29) . If chloramphenicol (100 gg/ml) is added to time zero of germination, it inhibits 90% of the incorporation of "4C-labeled amino acids (not shown). The lag of the inhibitory effect of chloramphenicol (possibly due to penetration) was measured by comparing the rate of incorporation in 1-min pulses of "IC-labeled amitio acids into trichloroacetic acid-insoluble material in the absence and in the presence of this inhibitor. The inhibition in each pulse was 70 to 75%; this is only 20% less than observed in the cumulative effect. Thus, the inhibitory effect of chloramphenicol is almost immediate in germinating spores (the lag is no more than 10 to 15 s) and almost complete (ca. 90%). Therefore, a crude extract of spores germinated in medium GL for 10 min in the presence of 100 Ag of chloramphenicol per ml was prepared and analyzed on SDS gels. It showed ,S' and # subunits present approximately in a 1:1 ratio (Fig. 1C) . Many other proteins were present on this gel as a crude preparation was used. Because de novo synthesis of proteins was inhibited during germination, the ,,' subunits must have been present in dormant spores. The #' band missing from the enzyme of dormant spores could have been cleaved in vitro by a protease during purification, as it has been reported for RNA-P of sporulating cells of B. subtilis (18, 20, 22) . This hypothesis is supported by three pertinent results: (i) it was possible to observe the ,3' band from dormant spores, if extraction was done by sonic oscillation, although reproducibility was not good and the ratio of ,'/, was less than 1:1.
(ii) We found that a proteolytic enzyme was bound to dormant spores and that it was inactivated by the same heat treatment that was used for spore activation (2, 26) . (iii) As expected, a crude extract from spores activated by heat treatment (90 min at 65 C) had the ,d' subunit (data not shown). Therefore, the #' and ,B subunits were present in dormant spores at a 1:1 ratio, but ,' subunit was probably cleaved by proteolytic attack during purification, while the enzyme from the heat-treated germinated spores was complete and stable (Fig. 1C) . To investigate if this RNA-P carried on from sporulation was used by the developing spores, we investigated when de novo synthesis of RNA-P was required.
De novo synthesis of RNA-P core during germination and outgrowth. We followed the de novo synthesis of RNA-P during the different phases of the development of spores into vegetative cells. This was accomplished by immunological analysis. Activated spores of B. cereus T were pulse labeled (5 min) with "IC-labeled amino acids during germination (in medium GL: 5 to 10 min), during outgrowth (after 5 min in GL, spores were transferred to medium B and pulse labeled at 0 to 5, 15 to 20, 40 to 45, and 95 to 100 min) and during exponential growth (in medium G). The RNA-P was extracted from the puls4-labIeled cells or spores and precipitated from the crude extract by antiserum prepared against purified cellular RNA-P as described above. For each step of sporal development, the areas of the band with the mobility of #'# (not resolved in this system) was measured by a planimeter and normalized to the sum of the areas of all bands in the corresponding gel. These values were then normalized to the total "C counts incorporated during the pulse.
As can be seen from Table 1 , the rate of RNA-P synthesized initially during germination was about 0.5% of the amount synthesized by vegetative cells. After 100 min of outgrowth, 'Media used: GL is a germination medium (29) ; B is a rich medium for outgrowth (29) ; G is a rich medium for exponential vegetative growth (8) .
cThe counts per minute in the precipitates of f$' chains were calculated from the densitometer tracing of the autoradiograms.
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on July 3, 2017 by guest http://jb.asm.org/ Downloaded from the rate increased to 5%. Therefore, the spore uses the RNA-P of cellular origin for almost all of its development. The RNA-P is synthesized de novo at late outgrowth (100 min is the time of formation of the septum). During exponential growth the synthesis of RNA-P was found to be constantly 0.2% of the total protein synthesis. The question remains why the cellular RNA-P trapped in the spores and capable of A transcribing the whole genome does not transcribe all genes at once at germination. In an attempt to answer this question, we compared some properties (other than electrophoretic mobility) of the cellular and sporal enzyme.
Solubility of sporal proteins and specific binding of sporal RNA-P. The sporal RNA-P was found to be different in more than one respect from the cellular enzyme. In the crude 8 0 cellular enzymes (3A) and sporal enzyme (3B). The figure shows only the part of each gel containing the bands of the immunoprecipitates. The molecular weights have been calculated by comparing the position of the gamma globulins (stained with Coomassie blue) and the radioactive bands of specific precipitates. The a factor is present in both gels and has a molecular weight of 60,000. In a preceding paper (2), the a factor was thought to be absent, because according to published results (5, 6) , it should have a molecular weight of 29,000. However, more recent results (23) indicate that the molecular weight of a is 56,000 which corresponds closely to 60,000. The a2 subunits (molecular weight 44,000) were also present in both gels, although the amount of sporal a2 and a was about 1/3 of the cellular ones. However, the amount of the sporal ##' subunits was much less: about 'so of the cellular ones. Possibly the synthesis of the different subunits stopped at different times during sporulation and they were then diluted in the still increasing mass of the cytoplasm. Furthermore, the sporal enzyme yielded two bands that were completely missing in the cellular extract; one band with mobility of 50,000 daltons and a prominent one with mobility of 70,000 daltons. This latter band is too large (1.5 times larger than cellular RNA-P. Most probably these additional peptides (molecular weight 70,000 and 58,000 of Fig. 3B) were synthesized late at sporulation, bound to the cellular "core," and were co-precipitated with the anti-RNA-P serum. (26) . On the other hand, (ii) the study of the de novo synthesis of RNA-P during the development of the spore showed that the RNA-P is synthesized only at the beginning of the exponential growth. During outgrowth, the de novo synthesis is very small (0.5% of the vegetative cell synthesis); therefore, the spore must use the RNA-P which was carried on from sporulation.
Since it was observed that there is sequentiality of genome expression during germination and outgrowth (14, 16, 25, 28, 29) , if this phenomenon is due to the properties of sporal RNA-P, then some differences (other than electrophoretic mobility of B' subunits) must exist. The loss of activity of a factor was considered (3, 18, 27 ). Here we found (iii) that the sporal enzyme is less soluble in SDS than the cellular enzyme, possibly because it is bound to other sporal components. The immunological analysis showed in fact that two extra proteins synthesized during sporulation are bound to the RNA-P from dormant spores, are co-precipitated with it, but they are not hydrolytic products of ,B' subunits because they are present in too large an amount.
These facts could be sufficient to explain a modified affinity of sporal RNA-P for the genome. We suggest that the old polymerase bound to some cytoplasmic sporal structures is unable to read the entire genome including its own gene. Possibly this reading is sequentially increased if the RNA-P becomes increasingly free during outgrowth and is completed after the formation of the spectum (100 min of outgrowth) when a new free polymerase is synthesized (Table 1) .
